F
railty, a state of increased vulnerability to stressor events, confers a high risk for surgical complications, morbidity, disability, and mortality in older adults (1) (2) (3) (4) (5) (6) (7) (8) (9) . Presently, no universally accepted consensus definition of frailty exists (7, 10) . However, Ensrud and colleagues (2) proposed a frailty index based on data from the SOF (Study of Osteoporotic Fractures). This widely used index measures frailty on the basis of 2 or more of the following criteria: the inability to rise from a chair 5 times without using the arms, a self-reported reduced energy level, and weight loss.
Emerging evidence suggests that exercise-based interventions may improve physical functioning and prevent disability in frail older persons (11) (12) (13) . Yet, to date, no large randomized trial has examined whether long-term physical activity reduces the risk for frailty over an extended follow-up or prevents associated mobility disability. The main findings from the LIFE (Lifestyle Interventions and Independence for Elders) trial showed that a structured, moderate-intensity physical activity program reduced major mobility disability (MMD) over 2.7 years among older adults at risk for disability (14) . Because frailty status was not examined in the primary LIFE study findings, whether long-term physical activity may also prevent MMD in frail older persons remains unknown.
To address the limitations of previous research, we conducted a secondary analysis of data from the LIFE trial to specifically evaluate the effect of physical activity on frailty and MMD. The objectives of our analyses were to determine whether a long-term, structured, moderate-intensity physical activity program is associated with the risk for frailty, as defined by the SOF frailty index, and whether frailty status at baseline modifies the reduction of MMD observed with physical activity.
cal activity with a health education program with regard to the incidence of MMD (ClinicalTrials.gov: NCT01072500). This article presents the results of a secondary analysis that was not prespecified in the study protocol. The rationale, design, and methods of the LIFE study were presented in detail elsewhere ‡ Based on weight measurements except at the baseline visit. This criterion was considered present at baseline if the participant reported a loss of appetite on the health-related quality-of-life questionnaire. § Defined by using the following statement from the health-related quality-of-life questionnaire: "During the past week, how often have you felt full of energy?" ‡ Weighted for the inverse probability of randomization to the intervention group among nonfrail participants to account for the potential imbalance in the number of frail participants by group at baseline caused by the secondary analysis design. § Weighted for the inverse probability of incomplete follow-up to account for loss to follow-up and adjusted for the probability of randomization to the intervention group among nonfrail participants (treated as a propensity score) to account for baseline imbalance.
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Effect of Physical Activity on Frailty (14 -16) . The study protocol was approved by the institutional review boards at all participating sites. Written informed consent was obtained from all participants.
Participants
Participants were described previously (14, 16) . Briefly, persons were eligible for the study if they were between the ages of 70 and 89 years, had a high risk for mobility disability (that is, a Short Physical Performance Battery [SPPB] score ≤9 points) (17) , could walk 400 m in 15 minutes or less unassisted, and were sedentary.
Randomization and Interventions
Participants were randomly assigned in a 1:1 allocation to the physical activity or health education program, with stratification by sex and field center. Each participant was followed until the last person randomly assigned completed the 24-month visit. The intervention period ranged from approximately 2 to 3.5 years.
The physical activity intervention involved a combination of walking (up to 150 min/wk) and strength, balance, and flexibility exercises, as previously described (15) . The health education program included workshops emphasizing topics relevant to older adults (15) .
Outcome Measures
Participants were assessed every 6 months, and assessment staff (nurses or project coordinators) were blinded to the intervention assignment.
Frailty
Frailty status was determined at baseline and 6, 12, and 24 months by using the SOF frailty index (2) . The inability to rise from a chair 5 times without using the arms was obtained from the chair-rise test component of the SPPB (17) . Self-reported reduced energy level was defined by asking the following question on the health-related quality-of-life questionnaire: "During the past week, how often have you felt full of energy?" The criterion was considered to be present if the participant answered "Some of the time," "A little bit of the time," or "None of the time." Weight loss was based on weight measurements and was met if the participant had a body weight loss of 4.55 kg or more (or ≥5%) during the preceding 12 months or 2.275 kg or more (or ≥2.5%) during the preceding 6 months, with the exception of the baseline visit. Because no objective information was available at baseline regarding weight loss, the criterion was met at that point if the participant reported a loss of appetite on the health-related quality-of-life questionnaire. Subjects were considered "frail" if at least 2 of the 3 criteria were fulfilled.
MMD
Major mobility disability was defined as the inability to complete a 400-m walk, and persistent mobility disability (PMD) was defined as having 2 consecutive MMD assessments or MMD followed by death (14, 15) .
Statistical Analysis
Baseline characteristics were summarized by randomization group and frailty status by using mean and SD, or percentages. The intention-to-treat (ITT) approach was used as the primary analysis, in which participants were grouped according to their assignment. All eligible randomly assigned participants were included in the analyses, except for the incidence analysis, which excluded those who had frailty at baseline.
The difference in cumulative incidence of first frailty between the 2 intervention groups at each visit among nonfrail participants at baseline was analyzed by using Poisson regression (poisson in Stata [StataCorp]), adjusting for sex and center, with logarithm of time as an offset. No competing risk analysis was considered. The marginal standardization approach (margins in Stata) (18) was used to calculate the 95% CI of the difference in cumulative incidence. Sensitivity analyses also were performed. To correct for the potential imbalance in the number of frail participants by group at baseline due to the secondary analysis design, we weighted by the probability of randomization calculated from a logistic regression using the inverse probability weighting (IPW) approach (19) . In addition, we explored the impact of incomplete follow-up by using the same approach (Appendix 2, available at Annals.org).
The differences in prevalence between the 2 intervention groups for frailty and each criterion of frailty among the whole population were analyzed by using generalized estimating equation models with the logit link function, binomial distribution, and exchangeable working correlation (xtgee in Stata). The marginal stan- Effect of Physical Activity on Frailty ORIGINAL RESEARCH dardization approach was used to calculate the CI of the prevalence difference. In these models, baseline outcome measure was retained in the outcome vector, and time was treated as continuous. Unadjusted and adjusted models were fitted. Centered time (time minus mean of time), time 2 , and time 3 were entered into the model as covariates in addition to sex, field center, and intervention. Sensitivity analyses were performed by using IPW analysis (weight equivalent to the probability of remaining in the study calculated by using logistic regression). In addition, transition models (20) were used and complier-average causal effect (CACE) analysis was performed (Appendix 2) (21, 22) .
The ordinal logistic regression with clustered sandwich estimator was used to assess the effect of the intervention on the number of frailty criteria with the same covariates specified in the models (ologit in Stata), with the interactions between time variables and intervention also entered into the models. The sensitivity analyses detailed earlier also were performed (Appendix 2).
The cumulative incidence curves for the first postrandomization occurrence of MMD and PMD when death was considered as a competing risk were plotted by intervention and baseline frailty groups (proc lifetest in SAS). Event time was defined as the time from randomization to the initial end point or death and censoring time as the time from randomization to the last assessment. The effects of the intervention and baseline frailty status on the first postrandomization occurrence of MMD and PMD were analyzed by using Cox proportional hazards models considering death as a competing risk (proc phreg in SAS [SAS Institute]). Sex and field center were treated as stratifying variables for the baseline hazard. Intervention and frailty status and their interaction were included in the model.
A 2-sided P value of 0.05 or less was considered statistically significant. Statistical analyses were performed in SAS, version 9.4 (TS1M3), and Stata/IC, version 12.1.
The LIFE trial was overseen by ethics committees at all 8 participating institutions, by the coordinating center, and by a data and safety monitoring board. Each institution obtained human subjects committee approval, and informed consent was given by all participants.
Role of the Funding Source
The National Institutes of Health (NIH) sponsor was a voting member of the steering committee, which approved the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, and approval of the manuscript; and decision to submit the manuscript for publication.
RESULTS
Of the 14 831 persons screened, 1635 were randomly assigned (Appendix Figure, available at Annals .org). Overall, the mean age of participants was 78.9 years (SD, 5.2) and 67.2% were women. Baseline characteristics were similar in the 2 randomization groups (14, 16) . At baseline, 12 participants had no frailty data and 19.7% (319 of 1623) were frail ( Table 1) . The mean number of frailty criteria was 0.9 (SD, 0.8) (Appendix Table 1 , available at Annals.org). Intervention adherence over 24 months in the physical activity group did not differ between participants classified as frail and those not frail at enrollment (Appendix Tables 2 and 3 , available at Annals.org). By month 24, 97 participants (5.9%) had dropped out of the study, including 53 who died.
Among nonfrail participants at baseline, the cumulative incidence of first frailty was lower in the physical activity than the health education group at 6 months (adjusted difference, Ϫ0.05 [CI, Ϫ0.09 to Ϫ0.01]; P = 0.013) and 24 months (Ϫ0.06 [CI, Ϫ0.13 to Ϫ0.001]; P = 0.048) ( Table 2) . The difference at 6 months remained statistically significant in IPW analyses.
The adjusted prevalence difference for the risk for frailty was not statistically significant in either the ITT or IPW analysis (Ϫ0.021 [CI, Ϫ0.049 to 0.007]; P = 0.148 in ITT analysis) ( Table 3 and Appendix Table 1 ). Conditional on the frailty status at the previous visit in transition models, the prevalence of frailty was lower in the physical activity than the health education group (ITT unadjusted prevalence difference, Ϫ0.021 [CI, Ϫ0.042 to Ϫ0.0003]; P = 0.047), although the adjusted estimate and IPW transition models were not statistically significant (Appendix Table 4 , available at Annals.org). 
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When adherence to the interventions was taken into account, the CACE estimates of the reduction in frailty with physical activity compared with health education were statistically significant in all models (Appendix Table 5, available at Annals.org).
The inability to rise from a chair 5 times was the only frailty criterion affected by the intervention over the 24-month follow-up in both ITT and IPW analyses (adjusted prevalence difference in the ITT analysis, Ϫ0.050 [CI, Ϫ0.081 to Ϫ0.020]; P = 0.001) (Appendix Table 6 , available at Annals.org). The prevalence of inability to rise from a chair was 2.8% to 5.8% lower in the physical activity than the health education group across assessment visits (Appendix Table 1 ).
The mean number of frailty criteria was generally lower in the physical activity than the health education group over time (Appendix Table 1 ). The risk for getting SOF frailty criteria in the physical activity group decreased over time compared with the health education group (P for the interaction between time and randomization group, 0.033 in the ITT analysis) ( Table 4) . The results for the transition models showed that participants in the physical activity group had lower odds of having a greater number of frailty criteria compared with the health education group in both the ITT and IPW analyses after adjustment for criteria at the previous visit (odds ratio, 0.88 [CI, 0.78 to 0.98]; P = 0.019 in the ITT analysis) (Appendix Table 7 , available at Annals .org). The CACE result was not stable (data not shown).
Among the subgroup of frail participants, 67 of 159 physical activity participants (42%) and 78 of 160 health education participants (49%) had MMD, whereas 37 of 159 (23%) and 45 of 160 (28%), respectively, had PMD. Overall, baseline frailty status did not modify the effect of physical activity on reducing incident MMD (P for interaction = 0.91) and PMD (P for interaction = 0.64) (Figure) .
DISCUSSION
This study demonstrated that 24 months of a structured, moderate-intensity physical activity program was not associated with a reduction in the overall risk for frailty in older adults, but it was associated with improvement in the SOF index criterion of inability to rise from a chair. The beneficial effects of the physical intervention on the incidence and persistence of MMD were not influenced by frailty status.
Data from the LIFE-P (LIFE Pilot) study suggested that physical activity was associated with a reduction in frailty prevalence, as measured by the Fried frailty index (9, 23 ). This measure includes the level of physical activity as a frailty criterion, and this study's findings were the result of increased physical activity behavior while the other criteria of frailty were not modified, suggesting that physical activity may not influence frailty status (23) . In addition, the small number of frail participants may have limited the study's statistical power. Another randomized trial examining whether a multifactorial intervention including physical exercise could reduce frailty in participants who met the Fried criteria showed that the 12-month intervention reduced frailty by 14.7% (24) . Because physical exercise was only one component of the intervention, isolating its specific effect from the other components was not possible. In the current study, our analysis used the SOF frailty index, which does not include physical activity as a criterion. We showed that the physical activity program was not associated with a reduced risk for frailty but did have a beneficial effect on the chair-rise criterion of the SOF index, by reducing the proportion of participants unable to get up from a chair 5 times without using their arms. Although we observed a robust reduction in the incidence of frailty at 6 months and the number of frailty criteria, the effect of the intervention on frailty prevalence was not consistent across different analytic approaches.
The interactions between frailty status and randomization group were not statistically significant for MMD outcome, suggesting that the effect of intervention did not differ according to frailty status. The results suggest the potential value of engaging frail persons in such structured physical activity programs, given the important benefit they might gain. The effect of exercise on disability among frail persons was examined by Daniels and colleagues (12) in a systematic review including studies in which participants had at least 1 physical † Calculated as the sum of the mean number from each visit, including baseline, in the raw data divided by 4. ‡ With the interaction time × randomization group entered into the models. § Sex and field center (both used to stratify randomization), intervention, time, time 2 , and time 3 were included in the ordinal logistic regression models. Baseline outcome was retained in the outcome vector. The odds ratios from ordinal logistic regression models with clustered sandwich estimators were presented. ͉͉ Weighted for the inverse probability of remaining in the study.
Effect of Physical Activity on Frailty
ORIGINAL RESEARCH frailty indicator, although frailty was not based on a validated definition (25) . Their results suggest that physical activity may reduce disability but were not confirmed by another meta-analysis using a more stringent definition of frailty (11) . The main problem inherent in previous studies in the field was the heterogeneity of the frailty definition applied, which often was not based on validated criteria.
This study has important strengths, including a large sample of participants with well-defined frailty status, who typically have been excluded from randomized trials of physical activity; extended intervention and follow-up periods; and a high retention rate. However, our findings should be interpreted in light of several limitations. First, the inclusion criteria of the LIFE study may limit the generalizability of the findings. Second, even if each frailty criterion was evaluated, no information was available for weight loss at baseline, and this item was replaced by loss of appetite. Third, the study was a secondary analysis not prespecified in the protocol, and frailty status was neither an entry criterion nor a randomization stratum. Thus, findings should be 
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confirmed in other studies. Finally, we could not determine which of the components of the physical activity intervention were instrumental to the reduction in frailty status.
In conclusion, a structured, moderate-intensity physical activity program was not associated with a reduction in overall frailty status compared with a health education program over 2 years among sedentary, community-dwelling older adults. However, the beneficial effect on incidence and persistence of MMD was not altered by frailty status. These findings highlight the feasibility and importance of effective long-term, community-based physical activity programs for frail and nonfrail older adults. 
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APPENDIX 2: SUPPLEMENTARY DETAILS OF SENSITIVITY ANALYSES
Sensitivity analyses were performed by using IPW analysis, transition models, and CACE analysis.
First, to investigate the effect of loss to follow-up, we used the IPW approach. A weight equivalent to the probability of remaining in the study at 24 months was assigned to each participant on the basis of age, sex, race, education, number of chronic diseases, living alone, field center, baseline SPPB, and baseline 400-m gait speed and was calculated by using logistic regression. For the analysis in Table 2 , when probabilities of both randomization (defined as the probability of randomization to the intervention group among nonfrail participants and calculated using logistic regression) and remaining in the study were considered, we could not include both probabilities as weights in the model. Therefore, the probability of randomization was treated as a propensity score and adjusted for as a covariate in the model, and the probability of remaining in the study was treated as a weight in the model. Propensity score is defined as the probability of treatment assignment conditional on observed baseline covariates (26).
Four propensity score methods are usually used for removing the confounding effects when estimating the treatment effect on outcomes: propensity score matching, stratification on the propensity score, IPW using the propensity score, and covariate adjustment using the propensity score (27). The IPW approach and covariate adjustment were used in this study. The covariates we used to calculate the probability of randomization were the same as those we used to calculate the probability of remaining in the study.
Second, in transition models, we modeled the conditional distribution of the outcome measure at any follow-up visit given the outcome measure at the previous visit, assuming the first-order Markov chain model. Transition models using the generalized estimating equation models were used (20) to study the association between SOF frailty and intervention over 24 months. Sex and field center (both used to stratify randomization), intervention, time, time 2 , time 3 , and outcome at the previous visit were included in the models. For this regression setting, we modeled the transition probability as a function of covariates under the special case in which no interactions occur between the previous outcome measure and the covariates. The interpretation of the intervention effect is slightly different from the effect estimated from the other models we presented. It is the intervention effect after adjusting for covariates and the previous outcome measure. We did not adjust for the previous outcome measure in the other models. Note that conditioning on the history of previous outcome measure may lead to attenuation of the intervention effect. For number of SOF frailty criteria, ordinal logistic regression with a clustered sandwich estimator was used. The same covariates were adjusted in the models.
Third, the CACE analysis was used to account for the intervention adherence by using an instrumental variable approach (21, 22) . Assuming that the randomization effect on the outcome was mediated by the adherence to the intervention and the same proportion of participants in the groups would not have adhered to the intervention if they had been offered it, randomization was treated as an instrumental variable. The CACE analysis was performed as a longitudinal data analysis. Baseline outcome was retained in the outcome vector. For SOF frailty index, a binary outcome, an instrumental variable probit model (ivprobit command in Stata) was used. Sex; field centers; and continuous time, including time, time 2 , and time 3 , were adjusted for in the models. A Wald test of the exogeneity of the instrumental variables was provided. Exogeneity is defined as no correlation between covariate (for example, adherence) and error term. For the instrumental variable model to be valid, the covariate must be exogenous. Because the covariate may be endogenous (correlated with the error term), we would like to replace the covariate with a "proxy" variable, known as an instrumental variable (for example, randomization groups), which is independent of the error term. To be valid, an instrument must meet 2 conditions. The first is instrument relevance; that is, the correlation between the instrumental variable and the covariate does not equal 0. The second condition is instrument exogeneity. This test is provided in Stata. If the test is statistically significant, we reject the null hypothesis of no endogeneity. If the test is not statistically significant, we do not reject the null hypothesis, so it may not be necessary to use an instrumental variable analysis. For number of SOF frailty criteria, the analysis was explored in its continuous form with estimation using instrumental variable regression (ivregress command with 2-stage least squares in Stata). The same covariates listed for the binary outcome analysis were included in the model, except that time 2 and time 3
were not adjusted.
To provide a more detailed description of the adherence measure used in the CACE analysis, the mean number of intervention sessions attended and due by randomization groups are presented in Appendix Table 2. The median for the attendance percentage after excluding medical leaves throughout the whole follow-up was 0.71 (average, 0.63) in the physical activity group, and the median for the attendance percentage was 0.82 (average, 0.72) in the health education group. In CACE analysis, adherence was treated as a binary variable by using the median as a cutoff point (≥median vs. <median). 
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